INTRODUCTION
A method for isolating yeast artificial chromosome (YAC) and PI vector/insert junctions and for sequencing plasmid inserts was developed during the process of searching for the recently discovered BRCAI gene (4) .
An important step in the search was to create a physical map of the localized region (6) using overlapping YAC clones assembled into a contig (7). To do this, it was desirable to obtain sequence from the YACinsert ends so sequence-tagged sites (STSs) could be designed as probes for the most efficient possible walking steps (1) . As previously reviewed (9) , there were several techniques available for isolating stretches of DNA around the vector/insert junctions. The simplest was likely Alu-vector (A-V) polymerase chain reaction (PCR) (5) . This was successful in approximately 50% of the cases, but the remaining ends still had to be obtained. Other technique s that were tried, including subcloning YAC DNA followed by probing for insert ends by hybridization, seemed timeconsuming and cumbersome. The method described in this report was developed to provide a simple supplement to A-V PCR for isolating YAC insert junctions .
This new technique consists of pairing nested YAC vector primers with single, randomly chosen primers in PCRs. Pools of products that occasionally contain a given YAC insert end can be created this way. If enough single random primers (RPs) are used in separate reactions (generally 12-24), it is often possible to obtain sequence for a particular YAC STS with minimal effort.
In subsequent stages of BRCAI physical mapping, contigs were assembled using vector types that were more convenient. PI s (8) were utilized most frequentl y for this project. STSs were again needed on the ends of the inserts, but with these vectors it was possible to sequence the clones directly. Occasionally, however, an end that required an STS contained repetitive sequence around which PCR primers could not be placed. As an alternative to sequencing beyond such areas, it was shown that the random -priming technique (RPT) could be used to create PCR products in the 0.5-to 1.5-kb range from the vector/in sert junctions. The random-primed ends of these products could be sequenced to provide STSs that often bypassed the repeats in one step.
A recent report (3) describes a PCRbased technique known as ' thermal asymmetric interlaced PCR that can be used for the isolation of insert ends from YACs and PI s. This method also utilizes nested sequence-specific primers, but it uses a more complex set of PCR programs and requires short degenerate random primers rather than single primers of normal PCR length.
In the final stages of the BRCAI search, a large number of cDNA clones with lengths in the 1-to 3-kb range were isolated and needed to be sequenced quickly. Options for doing this included synthesizing oligonucleotides "A"  R1A  CTAGCCAATGGAAGCTGTGAC  R2A  CCCAGCTCTGGAAATATGGATG  R3A  GGGAGGGCCTGCACTCAG  R4A  ACAGGTGCCGAACATGCAC  R5A  CATAGATGATGCAGCATTCAC  R6A  CTGATGTGTCTCCTAGCGTG  R7A  CTGTGGAAGTCGGATGCAGG  R8A  GAAGGTGGGAGCTGATGAC  R9A CCTACAAGTGTTGTAGTTTTAGG R1B  CAGTGTATTGGTCAGGATTCTC  R2B  TCCCTCCGCAGTTCTGGAAG  R3B  GGTTTGAGGATTAAGGCTGTC  R4B  ATTGAATTTAAGTCTGATATGACC  R5B  ACGGCAAGTTAGGGGCAGA  R6B  CTCCTCCTCCTTTCTTCCTTCA  R7B  CTAGGAGGATGCATATATTCTGG  R8B  CCACCTCAACTCACTGACTC  R9B  CAGAGGCGCCATTTACACTG  R10B  GTCCTTGAGTGTGCTAGTGG  R11B  TTGTGTTTCTGCCATAGCTGG  R12B  TACCTTGGCTTCCCACAGTC between sequence-walking steps and making nested deletion mutants (2) for each clone. Both method s were timeconsuming, and while deletion mutants provided a way of sequencing an entire insert with one set of reactions, they were cumbersome to prepare when there were a large number of clones.
It was found that the RPT could provide a useful supplement to sequence walking. When vector-specific primers were used in reactions with the RPs, multiple product s were produced that could be sequenced from the randomprimed ends to provide internal coverage for the clones. If products were generated from both ends, it was often possible to sequence a significant portion of an insert at one time. In this paper, the RPT and some instances where it has proven useful are described.
MATERIALS AND METHODS

Primer Sets
Two RP sets of 12 primers each were chosen from stocks of oligonucleotide s that remained from previous project s (Table 1 ). All had annealing temperatures of 55°C. Selection was at random with a limited visual inspection of the primer sequences to increase the variety of sequence pattern s chosen. The oligonucleotides were suspended at 5~M and arrayed in two rows on a 96-well plate to allow rapid aliquoting with a 12-channel pipet. Sets of nested primers suitable for PCR were designed around the cloning sites of YAC and PI vectors ( Table 2 ). Single primers (Table 2) were placed on the T3 and T7 sites of the pBluescript® II (Stratagene, La Jolla, CA, USA) plasmid that was most commonly used. was required . In the initial amplification, 10 ng of DNA were added per reaction. Amplification was performed with a Gene.Ampl'" PCR System 9600 Thermal Cycler (Perkin-Elmer) using 96-well trays. Each reaction mixture was aliquoted out into a row of 12 tubes on a tray; then a multichannel pipet was used to add the RPs. The reaction was carried out with 60 cycles of denaturation at 94°C for 10 s, annealing at 55°C for 15 s, and elongation at n oc for 2 min with YACs and PIs, or for 20 s to 1 min with plasmids depending on the insert length and the length of the products desired. Denatur ation time was kept to a minimum to preserve the viability of the Taq DNA Polymerase.
If plasmids were being sequenced, the entire volume of each reaction was electrophoresed on a 1.5% agarose gel. Bands of interest were recovered and cleaned using a Geneclean 'P kit (Bio 101, La Jolla, CA, USA). For YACs and PIs, it was necessary to reamplify the first set of reactions to differentiate specific bands from the large number of nonspecific bands. In the second round of PCR, nested primers were used in place of the vector oligonucleotides to eliminate products that arose from nonspecific annealing . Since it was not possible to put nested primer s within the RPs, products primed nonspecifically on both ends by a random primer reamplified as well. To identify them, a second reacti on mixture was prepared for each templat e that contained no vector oligonucleotides. Since only the RPs were present, all products seen in these controls were primed nonspecifically.
For the next set of PCRs, a multichannel pipet was used to dilute aliquots of products from the first set of reactions 1:100 into a second 96-well plate for use as templates. The mixtures were set up as previously stated. The Th e entire volume of eac h reaction was electrophoresed on a 1.5% agarose gel that was loaded so that nested primer reactions were run next to their RP-only mates. Bands common to both lanes were disregarded as nonspecific. Products present only in the nestedprimer lanes were taken as candidates for insert ends. These were reco vered from the gel and cleaned as previously described.
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The cleaned products were resuspended in 5-20 ul, of TE buffer (5.0 mM Tris-HCl , pH 8.0, 0.1 mM EDTA). Cycle seque ncing was pe rform ed wit h a Cycl ist" Kit (Stratagene) using 2-5 ul, template. YAC insert end s were verified by identifying appropriate vector sequence on the products. PI insert end s were confirmed by compariso n of sequence from the vector ends of products with that obtained by direct sequencing of the clones. Table 2 . Vector Primers specific primer enriching the reaction with single copies of the desired template early in the reaction, makin g it more likel y that an RP would ann eal where a product could be formed.
RESULTS AND DISCUSSION
After some success , a limited number of experiment s were performed with PCR conditions to increa se the produ ction of spec ific products in the first set of reactions. The most significant factor found was the numb er of cycle s performed. With 40 cycles, the initial set of reactions would produce a few faint band s from a given templ ate . However, with 60 cycles the band s would become more num erous and much more apparent. Thi s was especia lly imp ortant in sequencing plasmid s, where only a single round of amplifications was performed.
Lowering the annealing temperature of the reac tions was also attempted, but it was found on an experimental template that specific products that could be obtained at a higher annealing temperature did not app ear. Presumably this was because the lower temperature decreased the spec ifici ty of the vector primers. Limited tests involving the use of multiple RPs in a reac tion were less successful as well . Th e extra oligonucleotides interacted not only with the vector prim ers and themselves but also with each other; thi s caused a significant increase in the number of nonspecific products present. This effect was accentuated if sho rter RP s were used . Keeping the stringe ncy of the reactions high was important if small numbers of distinct products were to be obtained Thi s technique was developed to simplify the isolation of YAC insert end s that could not be obtained by A-V PCR. It was observed that in the ab-: sence of the appropriate template, PCR often produced nonspecific products that electrophoresed as distin ct bands. Provided these artifacts did not contain the same priming site. on both ends , they could be sequenced with the primers from which they were generated. Since thi s type of product requ ired two different primers to anneal near to each other non specifically, it was postulated that if a tru e priming site were pre sent for one oligonucleotide , then a randomly chose n second oligonucleotide might anneal clo se enough to the first to create a usable product. Thi s would presumably be facilitated by the 
YACs
Since the technique evolved as it was developed , a new set of YACs was evaluated to determine its efficiency. A-V PCR had always proven to be the easiest way to obtain YAC insert ends, and it seemed that the RPT would be most valuable when used as a backup. Consequently, four vector/insert junctions that had failed to yield A-V products in a recent mapping project were chosen for testing on each YAC arm. Eight different YACs were represented (Table 3 , YACs 1-8). Four additional YACs were selected at random (YACs 9-12) for which isolation of both ends would be attempted.
Each YAC was initially amplified using only the "A" primer set ( Table 1) . The "B" set was subsequently used on those that failed to yield ends. Products from 14 of 16 insert junctions were obtained and could be sequenced clearly ( Figure 1, Table 3 ). Three of the rightarm ends were acquired with the "A" set and four with the "B" set. Six leftarm junctions were obtained with the "A" set and one was acquired with the "B" set. It was noted that two of the products had lengths that were near 200 bp. When vector and RP sequence were disregarded, approximately 100 bp where STSs could be placed remained. It was also noted that oligonucleotides "I2A" and "IB" used with the rightarm primers often produced strong bands in their nested lanes that were of different sizes from those in the control lanes of their gels (Figure 1 ). These products appeared to be good candidates for insert ends, but because they were present on multiple YACs, they were recognized as artifactual and were not included for further analysis . In addition, since experience showed that prominent bands were the most likely to be useful , they were preferentially sampled , and some faint products were not evaluated .
Because the number of YACs in this sample is quite small, it is difficult to accurately predict how often the technique will work. To improve it, RPs can be chosen more carefully so artifacts such as those present with oligonucleotides "I2A"and "IB" are eliminated. Primers that generate products more frequently can also be utilized preferentially. For example, oligonucleotide " lOA" primed 4 of the 19 confirmed YAC end products (Table 3) . Additional sets of RPs can be used on YACsthat do not yield ends with the first two sets.
If a large number of specimens are to be dealt with, it might prove useful to add a screening step so false products can be identified prior to sequencing . Aliquots of the cleaned PCR products can be dotted onto hybridization membranes. Oligonucleotides that anneal to vector sequence internal to the nested PCR primers can then be hybridized to Research Reports these membranes to determine which products contain true insert ends.
PIs
When applying this technique to PI ends, a reamplification step was again necessary. Although PIs were considerably less complex than YACs, there were still unacceptable numbers of nonspecific bands present after the first set of reactions. Using the SP6 and T7 nested primer sets on a trial of four PIs, an average of three products in the 0.5-to 1.5-kb range was produced on each end with the "A" RP set. Several smaller bands were also present. With PI s, the number of false products after a second amplification was minimal. Of 24 bands examined, all were found to be specific.
Plasmids
When the RPT was applied to DNA inserts in plasmids, most products present after the initial amplification were specific (Figure 2 ). The occasional exception was when the vector oligonucleotide annealed within the insert and created a product with the same primer on both ends. These products were easily recognized because they created a constant band across the gel. To avoid them, a different vector primer was used in the reactions.
Using a set of 12 RPs with one vector oligonucleot ide, it was generally possible to obtain two to six bands from a given plasmid that were distinct enough to be sequenced. It was important to consider the size of the inserts, since there were often random products long enough to reach the vector on the other end of the clone . While the elongation time of the PCR could be altered according ly, for short inserts often only a percentage of the products were useful. Also, unlike deletion mutants, the products were generated randomly so they did not always give evenly spaced coverage across a clone. In practice they sometimes clustered. This could be an advantage in areas of complex sequence , because multiple products were often obtained that had different starting points and orientations. One useful method found to cover sequence gaps was to use the RPT on a randomprimed product from a previous reaction that contained the desired region. This localized the sequence gap and often gave coverage in the desired area without having to synthesize oligonucleotides.
The RPT can be used for a number of purposes. Partic ularly appea ling is its simplicity and its use of existing techniques and reagents. Advantage is taken of a PCR by-product that is normally considered a nuisance . While at least 36 reactions are generally required to obtain a particular YAC or PI vector/insert junction, the use of a multichannel pipet allows these reactions to be set up with considerable speed. The repetitive nature of the technique should also easily lend itself to automation. It seems reasonable to assume that the method can be applied to vectors other than those described in this report. 1 2 3 4 5 6 7 8 9 10 11 12 -1,018 -2 9 8
Circle Reader Service No. 225 Figure 2 . Random-primed products from a 1.5-kb cDNA insert cloned in pBluescript. The "An random primer set was used along with the T3-BLS vector primer. The elongation step of the peR was 45 s. A number of products could be recovered from the gel for sequencing .
More can be done to optimize the RPT. PCR conditions such as template concentration and buffer composition require further experimentation. In addition, specifically designed primers might be valuable, although an advantage of the method presented here is that leftover oligonucleotides can be utilized.
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